We constructed a new binary plasmid vector designated pSKl which consists of the replication origin of Ri plasmid from Agrobacterium rhizogenes and the left-and right-border repeats of nopaline type Ti plasmid pTiT37. This plasmid was 23-times stabler than a pBI-derivative plasmid pIG121-Hm which contains the RK2 replication origin in agrobacterium cells. The pSKl carries Xba I and Not I recognition sites between the 35S RNA promoter of cauliflower mosaic virus (P35S) and the poly-adenylation signal of the nopaline synthase gene (Tnos) so that genes of interest can be introduced in the correct orientation and expressed in plant cells.
(Received 9 August 1999; revised 18 October 1999) We constructed a new binary plasmid vector designated pSKl which consists of the replication origin of Ri plasmid from Agrobacterium rhizogenes and the left-and right-border repeats of nopaline type Ti plasmid pTiT37. This plasmid was 23-times stabler than a pBI-derivative plasmid pIG121-Hm which contains the RK2 replication origin in agrobacterium cells. The pSKl carries Xba I and Not I recognition sites between the 35S RNA promoter of cauliflower mosaic virus (P35S) and the poly-adenylation signal of the nopaline synthase gene (Tnos) so that genes of interest can be introduced in the correct orientation and expressed in plant cells.
The Agrobacterium harboring a Ti plasmid is a natural machinery for gene transfer from the bacteria to plant cells (for reviews, see ref. [1] [2] [3] . Using this bacteria, a system with an agrobacterium binary vector has been developed for transformation of both dicotyledonous and monocotyledonous plants. Such a system in general consists of two types of plasmids which must be compatible with each other in agrobacterium cells: one is a binary vector plasmid that can be maintained in both Agrobacterium and Escherichia coli cells and carries a border repeat-flanked T-DNA segment that contains cloning sites for a gene to be transferred, and the other is a virulence plasmid that carries the virulence (vir) region of the Ti plasmid but no T-DNA. As for binary vector plasmids, BIN19, 4 a series of pBI plasmids, 5 and pGA492 (482) 6 were originally made from plasmid RK2 7 and vectors based on other plasmids such as pSa 8 have also been reported. These vectors, however, have a disadvantage of the instability of maintenance in agrobacterium cells; the vast majority of the plasmids are usually segregated out from the bacterial population when it is cultured without selective pressure. To improve the stability of the binary The pSKl plasmid carries the 4.6 kb DNA fragment that encompasses all the regions required for DNA replication and plasmid maintenance of the Ri plasmid 12 ( Fig. 1A) . Both left and right border repeats (LB and RB, respectively) from pGA472 13 were inserted into the Ri DNA segment (pGARi in Fig. IB) , and then the DNA structures including cloning sites as depicted in Fig. 1A were introduced between these borders (Fig. IB) . A critical feature of pSKl is that it is designed to introduce and express various cDNAs in plant cells. Because the T-DNA region of pSKl carries cleavage sites for restriction enzymes Xba I and Not I as cloning sites between the 35S RNA promoter of cauliflower mosaic virus (P35S) and the poly-adenylation signal of the nopaline synthase gene (Tnos) (Fig. 1A) , cDNAs can be cloned directionally at the cloning site when the cDNA was synthesized using a Not I adapter primer and an Xba I adapter primer. In addition, two antibiotic resistance genes were also introduced into the T-DNA: the hygromycin phosphotransferase (HPT) gene transcribed by P35S near the LB as a selectable marker in plant cells and the neomycin phosphotransferase I (nptl) gene from Tn903 14 near the RB as a selection marker in bacterial cells. To facilitate rescue of the cDNA from the plant cells into E. coli cells, the replication region of pUC18 with nptl was introduced into the T-DNA region (Fig. 1A) .
To examine feasibility of use of pSKl as the expression vector, we carried out a model cloning experiment with the tmr gene of A. tumefaciens encoding isopentenyl transferase which can confers cytokininindependent growth on transformed plant cells. 15 We 
Nod cloned the tmr gene at the cloning site of pSKl in the appropriate orientation and introduced it into tobacco leaf discs. Cells of tobacco leaf discs are known to require both auxin and cytokinin for their proliferation on MS plates as normal calli. When the leaf discs were transformed with A. tumefaciens EHA101 harboring pSKl::TMR that contained tmr, cells proliferated on MS plates without cytokinin (Fig. 2B) . No growth was observed when the leaf discs were transformed by EHA101 containing pSKl ( Fig. 2A) .
We examined the stability of pSKl and pIG121-Hm, 16 ' 17 a derivative of pBI121 5 which contains the repli- 21 The Kpn l-Sal I linker in Fig. 1C was ligated to pHSG398 22 which had been digested with Kpn I and Sal I to give pHSG398KS. After the treatment with T4 DNA polymerase I (Takara Shuzo Co. Ltd.), the Hga I-Bgl I fragment of pHSG298 22 which carries nptl gene was ligated to pHSG398KS which had been digested with Sst I and treated with T4 DNA polymerase I to give pKm. The DNA of pBI221 23 was digested with Xba I and Sst I and then ligated to the Xba l-Not I linker to eliminate the /3-glucuronidase (GUS) gene. The resulting plasmid was digested with Pst I and treated with T4 DNA polymerase I to blunt the ends, and then was digested with EcoRl to generate a fragment containing P35S , the Xba I-Not I linker, and Tnos. This fragment was ligated to pUC18 24 which had been digested with Sma I and EcoRl. The DNA of the resulting plasmid was linearized by digestion with Sal I and BamHI and treated with klenow fragment of DNA polymerase I (Takara Shuzo Co. Ltd.) to blunt the ends. This fragment was ligated to a Hindlll fragment carrying HPT of pLANlOlMHAB which had been treated with klenow fragment of DNA polymerase I to give pHPT. The pLANlOlMHAB was constructed from pLANlOlMHYG (Yu and Shimamoto, unpublished results) by elimination of BamHl site between HPT and Tnos by digestion with BamHI and treatment with klenow fragment of DNA polymerase I. Plasmid pGA472 13 which had been digested with Hindlll and Bgl II was treated with klenow fragment of DNA polymerase I and then self ligated to eliminate a Sal I site between RB and LB. A Sal I fragment of the resulting plasmid which carries RB and LB was treated with klenow fragment of DNA polymerase I, and then ligated to a 4.6 kb of BamHI fragment containing replication region of Ri plasmid from pAO416 12 after treatment with klenow fragment of DNA polymerase I to give pGARi. The EcoRl-Sph I fragment of pKm was treated with T4 DNA polymerase I to blunt the ends and was ligated to pHPT which had been digested with Hindlll and EamllObl and treated with T4 DNA polymerase I to give pHPTK. The DNA of pHPTK was digested with 5a/ I and treated with klenow fragment of DNA polymerase I to blunt the ends and then digested with Bgl II. The linearized DNA was ligated to pGARi which had been digested with Sea I and BamHI to give pSKl. . A DNA fragment that contains the (mrgene of P TiA6 25 was amplified by PCR using primers (5'-CGTCTAGATGGACCTGCATCTAATTTTCG-3'; 5'-TCTGTTGGTCTTGAATCTTGA-3'), which cover the flanking regions of the gene. The amplified DNA fragment was digested with Xbal and Not I and cloned between the Xba I and Not I sites of pSKl to give pSKl::TMR. The resulting plasmid was introduced into A. tumefaciens EHA101. 26 Leaf discs of Nicotiana tabacum cv. SR-1 were transformed by the procedures described 2 ' and then cultured on MS medium 28 containing 0.2 mg/1 of naphthalene acetic acid (SIGMA) for 6 weeks at 26°C under light. EHA101 cells harboring pSKl and pIGl21-Hm, 16 ' 17 a derivative of pBI121, were grown in 2 ml of YEB medium containing kanamycin (100 /xg/ml) and hygromycin (100 /xg/ml) at 30°C overnight. Then 20 pi of 1 : 10 7 dilution of the culture was inoculated into 10 or 20 test tubes, each containing 2 ml of fresh YEB medium, and cells were grown at 30°C for 48-52 hr. Fifty /il of the culture was plated on L agar plates and incubated at 30° C for 2 days. Colonies were transferred to L agar plates containing hygromycin (100 fig/ml ) by replica plating and the number of hygromycin-sensitive colonies were counted. The stability of plasmids was calculated from the number of sensitive cells by using the equation for the fluctuation frequency as described. 18 Table 1 ). The frequency of segregation of agrobacterium cells which were sensitive to hygromycin was 8.43 x 10~4 per division cycle when cells harbored pSKl. However, the frequency of that was 1.90x 10~2 per division cycle when cells harbored pIG121-Hm. These results showed that pSKl was approximately 23-fold stabler than pIGl21-Hm. This property of pSKl may be advantageous for cloning cDNAs which have harmful effect in agrobacteiral cells. We also expected that the transformation efficiency in Arabidopsis thaliana with pSKl by the vacuum infiltration 19 could be elevated because pSKl is stably maintained in agrobacterial cells. We compared the transformation frequency with an agrobacterium GV3101 20 which harbors a pSKl derivative plasmid which containing the GUS gene at the cDNA cloning site of pSKl to that with agrobacterium containing pIG121-Hm. The frequencies of transformation of these two strains were, however, somewhat similar (data not shown). This result suggests that the stability of the plasmid is not crucial for vacuum infiltration.
